Intra-Uterine Healing of Fetal Rat Cheek Wounds
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Cheek wounds, involving skin, mucosa, and muscle, were surgically created in utero on
Sprague Dawley rat fetuses at 194 days gestation. Fifty fetuses were used in the study.
Twenty-five fetuses were in the experimental group and 25 in the control. Five fetuses in
each group were sacrificed at 0, 6, 12, 18 and 24 hours post-operatively. Serial histological
sections in the coronal plane were stained with haematoxylin and eosin.

Restoration of continuity and primary epithelialisation of the oral mucosal and skin
surfaces of the wound was observed to occur within 24 hours. The continuity of the
muscle layer was not restored, but some mitoses were seen in the myeloblasts. There was
a complete absence of acute inflammatory cells, and there was no scab formation. Healing
occurred without scarring. These findings are discussed in comparison to previous findings
on orofacial fetal wound healing (Goss 1976) and in regard to future prospects in
intraceptive fetal surgery for the correction of deformities, in particular cleft lip.
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Introduction

Surgical correction of cleft lip always results
in greater or lesser degree of residual scarring
and deformity. Recent studies have indicated
that these residual sequelac may be much less
if healing occurs in utero (Sopher 1975).

Fetal wounds heal in a broadly similar way
to postnatal wounds, but there are important
differences (Sopher 1975, Goss 1977). The
progression of epithelial division, migration,
and differentiation, (Viziam 1964) is essen-
tially the same pre- and post-natally. How-
ever, fetally, the rate is measured in hours
rather than days as is the case for adult
wounds. Although this trend is present in all
the reports on fetal wound healing, there is a
range in the rate of the epithelial response
(Hess, 1954; Somasumdaram and Prathap,
1970, 1972; Sopher, 1975; and Goss, 1977).
These differences may be related to the fact
that different species, ages, sites, and wound
types were involved.

The most striking difference, however, be-
tween pre- and post-natal wounds is the com-
plete lack of a cellular infiltrate in the fetal
wounds. In adult wounds, a cellular inflam-
matory response is always present, and many
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believe that it is essential for normal healing
(Viziam, 1964; Ross, 1969).

In the only other study of orofacial fetal
wound healing in rodents (Goss 1977), a com-
plex wound involving both hard and soft
tissues in the cranium, nasal chamber, and
mouth was studied. In this experiment, a
simpler wound involving only orofacial soft
tissues was studied.

Materials and Methods

Mature Sprague-Dawley rats werfe kept
under conditions of controlled light and tem-
perature, on a stock diet of rat pelletts and
water “ad libatum.” Animals were mated over-
night and day zero of gestation taken as mid-
night on the day of separation.

Ten pregnant rats were used. At 194 days
gestation, the rats were anaesthetised with
intraperitoneal chloral hydrate 400 mg/Kg
body weight (Lehmann et al 1938).

A laparotomy was performed under aseptic
conditions, and both gravid uterine horns
were lifted out of the abdominal cavity and
placed on sterile drapes. A microdissecting
opthalmic knife was then carefully passed
through the uterine wall and amniotic mem-
brane to enter the fetal mouth anterior to the
right oral commissure. The knife was carefully
advanced posteriorly through the buccal tis-
sue to a point anterior to the facial artery;
thus creating an incised wound of the full
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thickness of the cheek (Figures 1, 2 & 3).
Alternative fetuses in both uterine horns were
operated upon, thus leaving the remainder of
the fetuses to be used as controls. The uterine
horns were then replaced in the abdominal
cavity and the laparotomy wound closed in
layers.

Fifty fetuses were used and were divided
into groups of five experimental and five con-
trol animals for each of five time periods (0,
6, 12, 18 and 24 hours post operation). All
fetuses were examined for viability, malfor-
mations, and the effect of surgery on the face.
They were fixed in 10% formol-saline for 24

FIGURE 1. Lateral aspect of a rat fetus, 194 days in
utero, showing extent and position of incision (- - - -~

hours and the face and cranium processed for
histologic examination. Serial sections were
cut in the coronal plane 7u thick and were
stained with haemotoxylin and eosin.

Results

Essentially similar changes were observed
in each group, so a composite gross and mi-
croscopic description for each group is given.

Grossly, at zero hours, the orofacial wound
was clearly evident. It extended from the oral
commissure to the masseter region. The
wound gaped open so that the tongue and
alveolus could be seen. Observations made at
six-hour intervals showed rapid closure. After
24 hours, the orofacial incision had disap-
peared without apparent scarring (Figure 4).
At no stage was a scab observed.

The gross observations were supported mi-
croscopically. At zero hours, the path of the
knife could be traced through the cheek tissue
from the oral commissure to the mandibular
ramus. In all cases, the knife created a full-
thickness would involving mucosa, muscle,
and skin. The oral and skin edges were lifted
from the underlying mesenchyme. This adja-
cent mesenchymal tissue was hyperaemic, and
the wound breach itself was filled with hae-
morrhagic debris (Figure 3).

At six-hour intervals thereafter, epithelial
mitosis, followed by migration and differen-

FIGURE 2. Lateral
view of rat fetus 194 days in
utero, showing microdissec-
tion knife and extent of oro-
facial wound at zero hours.
Scale in mm. Constant mag-
nification.



FIGURE 3. Photomicrograph il-
lustrating check wound zero hours
post-operatively. Coronal plane
showing relationship of wound to
mandible (Mn), maxilla (Mx),
tongue (T) and nasal septum (Ns).
(I & E X 25))

FIGURE 4. Lateral as-
pect of rat fetus 204 days in
utero, showing a completely
healed 24-hour, post-opera-
tive orofacial wound. Scale
in mm. Constant magnifi-
cation.

tiation, was observed on both epidermal and
mucosal epithelial surfaces. After 24 hours,
epithelial continuity had occurred on both
surfaces (Figure 5). The epidermis had in
most cases resumed its normal state and was
eight to 10 cells thick with surface keratinisa-
tion and the presence of rete pegs. The oral
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mucosal epithelium, though primarily closed,
varied in thickness from one to five cells. In
some specimens, basal triangular prolifera-
tions of dividing cells were seen (Figure 6).
The mesenchymal connective tissue com-
ponents of the check showed progressive heal-
ing. However, at 24 hours, partial disruption
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and evidence of inflammatory edema was still
apparent (Figure 5). No recognisable acute
inflammatory cells were present at any stage.
The divided muscle had retracted away from
the incision, and no return to continuity was
seen. After 12 hours, myeloblasts undergoing

FIGURE 5. Photomicrograph of 24-hour post-op-
erative cheek wound. Epithelial continuity complete on
both skin and mucosal surfaces. Buccinator muscle
retracted and inflammatory oedema present in mesen-
chymal wound area. (H & E X 40.)

FIGURE 6. High-power photomi-
crograph of wound area outlined in
Figure 5. Differentiation of skin epithe-
lium complete but mitosis and differ-
entiation still in progress in the mucosal
epithelium. No recognisable acute in-
flammatory cells present in the wound
area. Epidermis (Ep), mucosal epithe-
lium (M.Ep.). (H & E X 400.)

mitosis were recorded in some sections in the
muscular elements of the cheek.

Discussion

These results show that rapid primary clo-
sure of a relatively large incised cheek wound



occurs within 24 hours. This finding is con-
sistent with the general pattern of fetal wound
healing (Hess, 1954; Dixon, 1960; Somasun-
daram and Prathap, 1970, 1972; Sopher,
1975; and Goss, 1977). Common features of
particular note are the rapid progression of
epithelial changes; the absence of scab for-
mation and scarring; and a cellular inflam-
matory reaction. The absence of these normal
components of postnatal healing can be as-
cribed either to the immaturity of the tissues,
in particular of the reticuloendothelial system,
or to the sterile environment rendering a de-
fense mechanism unnecessary. In the near-
term fetal rat, we believe that this latter sug-
gestion is most likely. The protective environ-
ment and thus the lack of irritation or infec-
tion, would account for the lack of scarring.
An important role of the scab in postnatal
wounds is to prevent continued loss of body
fluids through the breach epithelium. As fetal
wounds are in a sterile environment, there is
no need for a scab.

A feature of note of this study is that the
rate of surface closure was even faster than
that previously described for fetal wounds. All
of the other studies, with the exception of that
by Goss (1977), involved trunk skin wounds
so that regional anatomical differences may
be involved. Certainly adult skin wounds in
the face heal faster than those on the trunk or
limbs. These differences are usually attributed
primarily to the differences in blood supply,
which would also be important fetally.

In Goss’s study (1977), the initial wound
was more complex as it involved both hard
and soft tissue of the cranium, nasal passages,
and hard palate. The exposed surface of pal-
atal mesenchyme took up to 72 hours before
epithelial coverage was complete. This appar-
ent difference in rate might be related to the
fact that, in the present study, the edges of
the incised wound were spontaneously op-
posed. In the earlier study,. craniofacial
growth tended to distract the edges of the
palatal shelves, thus increasing the size of the
wound. The difference in site may also be
important as the rate of epithelialisation is
faster in the buccal mucosa than in the palate
in adult rats (Toto et al., 1966; Alvares et al.,
1971).

The healing of fetal muscle wounds has not
previously been reported. Although the mus-
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cle ends did not show any sign of reconstitut-
ing in this study, it is noteworthy that some
mitotic activity was observed in the myelo-
blasts. Thus, at this stage, healing by regen-
eration rather than by scarring may be pos-
sible. Further long-term studies would be nec-
essary to confirm this hypothesis.

The rapid and complete healing of this type
of wound is of potential clinical significance
as the tissues involved are the same as those
found in cleft lip. Thus, in families with a
high risk of facial clefting, the fetus could be
examined directly by fetoscopy. If a cleft were
demonstrated, it could be repaired in utero.
Although this procedure would initially carry
a substantially increased risk of morbidity, it
would result in the birth of a normally ap-
pearing baby. The absence of the deformity
might have substantial psychological benefits
to the parents and the child.

Acknowledgment: The interest and encour-
agement by Professor D. E. Poswillo during
this study is gratefully acknowledged.

References

Arvares, O. F., and Myers, J., Variable features and
regional differences in oral epithelium. In: Current
Concepts of the Histology of Oral Mucosa. Ed. Squier
and Meyer. Springfield, Ill.: C. C. Thomas, 1971.

Dixon, J. B., Inflammation in the fetal and neonatal rat.
The local reaction to skin burns, /. Path. Bact. 80, 73~
82, 1960.

Goss, A. N, Intrauterine healing of fetal rat oral, mu-
cosal, skin, and cartilage wounds, /. Oral Path. 6, 35-
43, 1977.

Hess, A., Reactions of mammalian fetal tissue to injury.
IT Skin, Anat. Rec. 119, 435, 1954.

Leumann, G., and Knoerrer, P. K., Trichlorethanol,
Tribromethanol, Chloral Hydrate and Bromal Hy-
drate, J. Pharmacol. Exp. Ther., 63, 453-465, 1938.

Ross, R., Wound Healing, Sci. Am., 40-50, June, 1969.

SomasunDARAM, K., and PraTuap, K., Intrauterine heal-
ing of skin wounds in rabbit fetuses, J. Path. 100, 81-
86, 1970.

SomasunDAaraM, K., and Prathap, K., The effect of ex-
clusion of amniotic fluid on intrauterine healing of skin
wounds in rabbit fetuses, J. Path., 107, 127-130, 1972.

SopuEr, D., Future prospects for fetal surgery. In: Tera-
tology: Trends and Applications. Burry, C. L. and
Poswillo, D. E. (Eds.), Ch. 10. New York: Springer-
Verlag, 1975.

Toro, P. D., and Hawen, A. D., Generation cycle of Oral
Epithelium in 400-day-old mice, /. Dent. Res., 45, 948
1966.

Viziam, C. B., MaTtoLsky, A. G., and MEscon, H., Epi-
thelialisation of small wounds, J. Invest. Dermatol. 43,
499-507, 1964. :

>



